The effects of fish oil (FO) substitution by 66% vegetable oils in a diet with already 75% 31 vegetable protein (66VO) on adipose tissue lipid metabolism of gilthead sea bream were 32 analysed after a 14-month feeding trial. In the last three months of the experiment, a FO diet was 33 administrated to a 66VO group (group 66VO/FO) as a finishing diet. Hormone-sensitive lipase 34 (HSL) activity was measured in adipose tissue and adipocyte size, and HSL, lipoprotein lipase 35 and liver X receptor gene expression in isolated adipocytes, on which lipolysis and glucose 36 uptake experiments were also performed. Lipolysis was measured after incubation with tumour 37 necrosis factor-α (TNFα), linoleic acid, and two conjugated linoleic acid isomers. Glucose 38 uptake was analysed after TNFα or insulin administration. Our results show that FO replacement 39 increased lipolytic activity and adipocyte cell size. The higher proportion of large cells observed 40 in the 66VO group could be involved in their observed lower response to fatty acid treatments 41 and lower insulin sensitivity. The 66VO/FO group showed a moderate return to the FO 42 conditions. Therefore, FO replacement can affect the morphology and metabolism of gilthead 43 sea bream adipocytes which could potentially affect other organs such as the liver. acids, a lack of cholesterol and the presence of phytosterols. Although the VO has a lower ratio 54 of n-3/n-6 fatty acids, different blends of vegetable oils are used trying to obtain a fatty acid 55 composition more similar to a FO diet by means of the use of vegetable oils with a high n-3/n-6 56 ratio like linseed oil (Turchini et al., 2009). Particularly in gilthead sea bream, there is now 57 experimental evidence that the large-scale replacement of marine feedstuffs with ingredients of 58 plant origin alters the tissue-specific profile of fatty acids (Benedito-Palos et al., 2008; 2009, 59 2010) and results in changes in tissue body fat allocation (Saera-Vila et al., 2005) and 60 lipogenic/lipolytic rates (Albalat et al., 2005a; Bouraoui et al., In Press). These observations in 61 gilthead sea bream and other fish species (Drew et al., 2007; Menoyo et al., 2005; Todorčević et 62 al., 2009; Torstensen et al., 2008; Turchini et al., 2009) have prompted the study of the lipid 63 metabolism in fish in order to obtain a quality product in farmed fish fed alternative diets. 64
(HSL) activity was measured in adipose tissue and adipocyte size, and HSL, lipoprotein lipase 35 and liver X receptor gene expression in isolated adipocytes, on which lipolysis and glucose 36 uptake experiments were also performed. Lipolysis was measured after incubation with tumour 37 necrosis factor-α (TNFα), linoleic acid, and two conjugated linoleic acid isomers. Glucose 38 uptake was analysed after TNFα or insulin administration. Our results show that FO replacement 39 increased lipolytic activity and adipocyte cell size. The higher proportion of large cells observed 40 in the 66VO group could be involved in their observed lower response to fatty acid treatments 41 and lower insulin sensitivity. The 66VO/FO group showed a moderate return to the FO 42 conditions. Therefore, FO replacement can affect the morphology and metabolism of gilthead 43 sea bream adipocytes which could potentially affect other organs such as the liver. demand for fish meal to maintain aquaculture production is reaching a critical point (Tacon and 50 Metian, 2008). The study of alternative sources of fish oil (FO) and fish meal for the vegetable 51 components of fish feed has become important for the sustainability of aquaculture (Watanabe, 52 2002). However, vegetable oils (VO) are characterized by a low ratio of omega-3/omega-6 fatty 53 acids, a lack of cholesterol and the presence of phytosterols. Although the VO has a lower ratio 54 of n-3/n-6 fatty acids, different blends of vegetable oils are used trying to obtain a fatty acid 55 composition more similar to a FO diet by means of the use of vegetable oils with a high n-3/n-6 56 ratio like linseed oil (Turchini et al., 2009 ). Particularly in gilthead sea bream, there is now 57 experimental evidence that the large-scale replacement of marine feedstuffs with ingredients of 58 plant origin alters the tissue-specific profile of fatty acids (Benedito-Palos et al., 2008; 2009, 59 response to energy demands, hormone-sensitive lipase (HSL), after phosphorylation by protein 70 kinase A, can access the lipid droplet and hydrolyze the triglycerides into glycerol and fatty 71 acids (Lafontan and Langin, 2009 ). In fish as in mammals, the development of adipose tissue is 72 a continuous process which includes the hypertrophy of existing adipocytes and the proliferation 73 of new ones. These processes are known to be affected by diet in mammals, but how dietary 74 changes affect the capacity for enlargement of adipocytes or the differentiation of new ones is 75 poorly understood in fish. 76
Adipose tissue also acts as an endocrine organ secreting adipokines which act as potent 77 messengers to distant organs such as the liver and muscle to maintain the body's energy balance 78 (Gregor and Hotamisligil, 2007) . The pro-inflammatory cytokine tumour necrosis factor α 79 (TNFα) is secreted by adipose tissue, among others, and in mammals it is known to act as an 80 adiposity limiting factor and to lead to obesity-induced insulin resistance Table 2 . Reactions were performed in a MyiQ PCR Detection System 159 (Bio-Rad, Spain) in duplicate, and the fluorescence data acquired during the extension phase 160 were normalized to β-actin by the delta-delta method (Livak and Schmittgen, 2001) . 161 162
Glucose uptake assay 163
In the isolated adipocytes, glucose transport was determined as previously described (Capilla et 
Effect of diet on biometrics and plasma metabolites 218
Biometric parameters were measured at the sampling time of the gilthead sea bream fed with 219 FO, 66VO and 66VO/FO diets (Table 3) . Liver weight and HSI values were higher in 66VO and 220 66VO/FO groups than in the FO group. However, the 66VO/FO group showed a tendency to 221 recover the liver weight of the FO group. No significant differences were found in adipose tissue 222 weight or mesenteric fat index (MFI) between groups. 223
Plasma glucose and triglycerides did not show any differences between the groups. However, 224 the non-esterified fatty acids (NEFAs) levels were lower in the 66VO/FO group than in 66VO. 225 226
Cell size distribution 227
The cell size of each experimental group was divided into four ranges: 1-20 µm, 20-60 µm, 60-228 100 µm and over 100 µm ( 
Effect of diet on hormone-sensitive lipase activity 237
The HSL activities in mesenteric adipose tissue of the gilthead sea bream fed with FO, 66VO 238 and 66VO/FO diets are shown in Fig. 2 . The HSL activity was higher in adipose tissue from the 239 66VO and 66VO/FO groups than in that from the FO group. However, the 66VO/FO group 240 showed a lower induction of HSL activity than the 66VO group did. 241 242
Basal lipolysis levels and the effect of incubation with TNFα, LA, c9,t11-CLA and t10,c12
The measurements of basal lipolysis levels in adipocytes from animals fed FO, 66VO and 245 66VO/FO showed that the animals fed vegetable oils have higher basal lipolysis levels than the 246 animals fed a FO diet (Fig. 3A) . 247
The cells incubated with the different treatments showed that the lipolysis level was increased in 248 the FO group with the LA and the t10,c12-CLA (Fig. 3B) . The 66VO group adipocyte lipolysis 249 was stimulated with TNFα ( Fig. 3C) , meanwhile, the 66VO/FO group showed lipolysis 250 induction by LA but not by t10,c12-CLA (Fig. 3D) . 251
Stimulation with TNFα tended to increase lipolysis in the 66VO/FO group, but it was not 252 significantly different from the control. Therefore, the 66VO/FO group seems to present an 253 intermediate response to the treatments between FO and 66VO groups (Fig. 3) . 254
Comparisons of the effect of the treatments described below between the diet groups showed 255 that the induction of LA and t10,c12-CLA in the FO group is significant in comparison with the 256 66VO group (Fig. 3B and 3C) . However, the induction of lipolysis mediated by TNFα in the 257 66VO group is not significantly different from 66VO and 66VO/FO groups. 258 259
LPL, HSL and LXR expression profile in isolated adipocytes from animals fed with FO, 260

66VO and 66VO/FO diets. 261
The LPL, HSL and LXR gene expressions were analysed in the adipocytes from the three diet 262 groups (incubated in BSA-Krebs buffer only). The LPL did not show any change between diets, 263 but HSL and LXR expressions were differently regulated in FO, 66VO and 66VO/FO groups 264 (Fig. 4A, B, C) . HSL gene transcription showed induction in the 66VO and 66VO/FO groups, 265 with a pattern similar to that of HSL activity (Fig. 2) The LPL gene expression in the adipocytes from FO group was upregulated by LA and t10,c12-271 CLA (Fig. 4D) . In the 66VO and 66VO/FO groups, the LPL gene expression was not regulated 272 by any treatment (Fig. 4E, F) . In contrast, HSL showed a slight upregulation with LA and 273 t10,c12-CLA in the FO group (Fig. 4D ), but these tendencies were not significant. However, the 274 66VO/FO group showed upregulation of HSL by LA (Fig. 4F) . Neither TNFα nor fatty acids 275 changes HSL mRNA levels in the 66VO adipocytes (Fig. 4E) . The LXR gene expression 276 showed downregulation and upregulation by LA in the FO and 66VO/FO groups respectively 277 (Fig. 4D, F) . 278
The differences in gene expression levels between the three genes were also observed in eachexperimental group (Fig. 4D, E, F) . Data of gene expression are expressed in relation to the gene 280 with lowest level of expression. The results show that the differences of expression between 281 LPL and HSL are reduced in the 66VO and 66VO/FO because the HSL is expressed at higher 282 levels in these groups (Fig. 4 A) but the LPL expression is not modulated by diet (Fig. 4C) . 283
Differences are also observed in the LXR expression profile regarding to the other genes (Fig.  284   4D, E, F) . 285
The effect of the treatment in the different diets was also analysed (Fig. 4G) . The upregulation 286 of LPL expression by LA observed in the FO group was also maintained when this effect is 287 compared between diets. However the TNFα and c9,t11-CLA did not show significant 288 differences in LPL expression in each experimental group (in comparison with controls). When 289 the effects of these treatments are compared between diets, both showed higher induction of 290 LPL in the FO group than in the 66VO and 66VO/FO groups. The effect of t10,c12-CLA 291 treatment on LPL expression showed differences between FO and 66VO/FO. These results 292 demonstrate that the LPL expression was more affected by the treatments in the control group 293 (FO) than in 66VO and 66VO/FO groups. 294
The HSL expression analyses after the treatments did not show differences between the dietary 295 groups (Fig.4G) . 296
The LXR expression analyses showed differences after the LA treatment between the FO and 297 66VO/FO groups as previously observed in comparison with their controls in both groups (Fig.  298   4D, F) . 299 300
Basal levels of glucose uptake and effects of insulin and TNFα on glucose uptake of isolated 301 adipocytes from gilthead sea bream fed with FO, 66VO and 66VO/FO diets. 302
The basal levels of glucose uptake did not show differences between dietary groups (Fig. 5A) . 303 However, after the treatment with insulin only the FO group adipocytes revealed an 304 upregulation of glucose uptake (Fig. 5B, C and D) . TNFα did not regulate glucose uptake in 305 adipocytes from any of the three experimental groups. 306 regulated by fatty acids (Pawar et al., 2002) . In this way, the higher proportion of n-6 fatty acids 377 and less n-3 PUFA, the presence of phytosterol or, most probably, the small proportion of 378 cholesterol in the 66VO diet, could be some of the causes of the LXR downregulation. 379
Nevertheless, from our results we cannot elucidate which is the precise cause of the changes in 380 LXR expression. In mammals, the increase in adipocyte size produces an inhibition in At the same time, the hormonal regulation of glucose uptake showed an upregulation by insulin 416 in the FO group but the 66VO and 66VO/FO groups showed no response. In mammals, a lack of 417 response to insulin and consequently a reduction in glucose uptake has been correlated with fat 
